Biogenic amines are formed in some foods, especially fish and fish products as a result of the process of decarboxylation of free amino acids in food. The histamine (scombroid) poisoning arises from ingestion foods containing relatively high levels of histamine and other amines that act as histamine potentiators. Therefore, this study aims to explore the level of contamination by biogenic amines in fish and fish products in shore of Thuel -Saudi Arabia. One hundred and twenty of different fish samples were collected from Thuel shore markets. The biogenic amines histamine, cadaverine, putrescine and tyramine were determined in all samples and also in selected fish samples held iced for 0, 24 and 48 h. The effect of the commercial frying process on biogenic amines level was also tested using two different types of fish. Quantitative thin layer chromatography (TLC) analysis was used in biogenic amines determination. There are significant differences between the tested samples and the highest mean (mg/100 g) of putrescine. Cadaverine, histamine and tyramine were in loat fish (6.57), Baiad (3.348), Hareed (4.82) and Baiad (1.38), respectively. Significant increases in the level of biogenic amines were observed in fish held iced at 0, 24, and 48 h. A significant increase of histamine level was noticed in selected fish after commercial frying process.
INTRODUCTION
Biogenic amines are formed in fish and other food by microbial decarboxylation of amino acids. Some of biogenic amines like histamine, cadaverine, putrescine and tyramine are very important as a main cause of food intoxication and they also serve as chemical indicators of fish spoilage (Lehane and Olley, 2000; Kim et al., 2009) .
The presence of free histidine and the formation of histidine decarboxylase by certain bacterial species present at appropriate temperature and time are considered as rudiments for histamine forming in foods (Kim et al., 2004) .
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consumption of scombroid fish such as tuna, bonito and mackerel. However, non-scombroid fish such as herring, anchovies and mahi-mahi have also been concerned in outbreaks (Lehane and Olley, 2000; Huss et al., 2003) . Biogenic amines formation in foods is objectionable because it can result in toxicological effects to consumers such as hypertension, headache, diarrhea, rash, and localized inflammation when ingested in extreme amounts, cardiac palpitation and even death in very severe cases (Rawles et al., 1996) . Biogenic amines are considered as precursors of carcinogenic amines such as N-nitrosamines, and they are also used as indicators of food decomposition (Mietz and Karmas, 1978) .
The United States, Food and Drug Administration (USFDA) has set that histamine must be used in Hazard Analysis Critical Control Point (HACCP) programs for fish and has set the maximum action level of 50 ppm . Enterobacteriaceae family has been found to be the most important histamine forming bacteria (HFB) in fish. Morganella morganii, Klebsiella pneumoniae, Proteus vulgaris and Hafnia alvei are known to originate from fish implicated incidents of histamine poisoning (Frank, 1985; Lehane and Olley, 2000; Huss et al., 2003) . Histamine represents the major and the main cause of scombroid (histamine) poisoning, and other biogenic amine, such as tyramine, cadaverine, and putrescine, acts as potentiates of histamine toxicity (Taylor, 1988; Al Bulushi et al., 2009; Joshi and Bhoir, 2011) . Using histamine and other biogenic amines as indicators of product decomposition as these compounds are detected at non significant concentrations in fresh fish, and at the same time, their formation is frequently associated with bacterial spoilage. The HACCP implementation mandates specifically the monitoring of these safety indicators (Fernández-Salguero and Mackie, 1987) .
A hazardous level of histamine for human health has been suggested as 500 mg/kg, although, low levels as 50 mg/kg (50 ppm) have been reported in histamine poisoning (FDA, 2001; Huss et al., 2003) .
The objective of the current study was to explore the level of contamination by biogenic amines causing histamine poisoning in fish and fish products in shore of Thuel -Saudi Arabia and to discuss the level of safety for the consumer.
MATERIALS AND METHODS

Sampling
Since the objective of the current study was to explore the level of contamination by biogenic amines in fish and fish products in shore of Thuel -Saudi Arabia and to discuss the level of safety for the consumer. 120 samples of different 9 types of fish (Table 1) were collected from the fish markets in Thuel shore -Saudi Arabia. Biogenic amines (putrescine, cadaverine, histamine and tyramine) were determined in collected samples. Selected fish types were stored with crushed ice for storage time 0, 24, and 48 h. The effect of the commercial frying process on the level of the tested biogenic amines was also studied using different two types of fish samples (Mullet /Araby and Greasy grouper / Hamoor fish).
Chemicals and supplies
Amines (histamine, putrescine, cadaverine, and tyramine) as their crystalline hydrochlorides, dansyl chloride (5-dimethylaminonaphtalene-1-sulphonyl) and thin layer chromatography (TLC) plates (20 × 20 cm aluminium sheets coated with 0.20 mm silica gel G-60) were obtained from Merck company. All chemicals used were of analytical grades.
Extraction of biogenic amines
Histamine, putrescine, cadaverine, and tyramine, were extracted in all tested samples according to Mietz and Karmas (1978) and Maijala and Eerola (1993) .
Biogenic amines derivatization
The dansylated derivatives of the extracted amines were formed by dissolving the sample residue with 0.5 ml of saturated NaHCO3 solution, then 1 ml of dansyl chloride solution (500 mg/100 ml acetone) was added ,and the mixture was incubated at 55ºC for 45 min. The dasylamines were extracted using diethyl ether then evaporated under gentle stream of nitrogen and the sample residue reconstituted in known volume of methanol (Ayesh, 1993; Sultan, 2994) .
Determination of dansylamines
One-dimensional TLC technique was used to separate the four dansylamines under investigation. The TLC plates was developed using chloroform: benzene: triethylamine (6: 4.5: 1) as a solvent system. The marked dansylamines areas were visualized (under UV lamp at 365 nm) and determined in Microanalysis Centre, Faculty of science, Cairo University using CS-9000 Dual wavelength flying spot scanning densitometer (SHIMADZU) using wavelength 254 nm. Standard curve of each dansylamine was used to calculate the concentrations of biogenic amines in the tested samples.
Statistical analysis
The data were subjected to the proper statistical analysis using Mstat- 
RESULTS AND DISCUSSION
Effect of storage time on biogenic amine level
Biogenic amine level in the collected fish samples
Data in Table 2 showed the mean of biogenic amines level in all studied fish types ( Table 2 ). The obtained data showed that all tested fish types have highly significant differences for the level of putrescine, histamine and tyramine and only significant differences in case of cadaverine. The highest mean expressed as mg/100g of putrescine, cadaverine, histamine and tyramine was 6.57 in loat fish, 3.348 in Baiad, 4.82 in Hareed and 1.38 in Baiad, respectively. In other words, Hareed fish has the highest mean of both histamine and total biogenic amines, with histamine levels as high as 48 ppm, very close to the action level established by USFDA (50 ppm), which means that this value may increase during storage and handling to pose a health risk for consumers. Also, the results showed a relative increase in the mean value of histamine and cadaverine in both Nagel and Araby fish meaning that attentions must be taken during handling and storage of these fish types. Therefore, the fish should not be exposed to temperatures >4.4ºC for more than 4 h after the initial chilling, also it was found that some of bacteria species can produce histamine in toxic levels even at 0 to 5°C ( FDA, 2001 and Dalgaard et al., 2008) .
Federal Register (1995) considered that the best quality fish has histamine values less than 10 ppm, while histamine values between 10 to 30 ppm are accepted as middle quality and 30-50 ppm histamine value is critical as it is close to the level of FDA regulation (50 ppm). According to the above-mentioned conclusion our data showed that Araby and Hareed fish represents the critical state regardless the other impact factors.
Also rapid chilling of fish directly after catching is most important factor for prevent histamine formation , especially for fish that are exposed to warmer water or air (FDA, 2001) , these are in very close to the catching conditions that apply in our fish samples in the current study. The significantly differences -in biogenic amines contentsbetween all types of the studied fish may be due to that fish muscle is naturally rich in free amino acids and the content may increase even further post mortem. Also, amino acid formation depends beside fish type, on bacterial flora, the harvesting season and feeding activity prior to capture that affect on amino acid contents which acts as precursors of biogenic amines (Aksnes, 1988) .
Effect of storage time on biogenic amine level
Figures 1, 2, 3 and 4 illustrated the development of the mean values of the tested biogenic amines during the storage times 0, 24 and 48 h held in iced four types of fish (Shuoor, Bagha, Sigan and Baiad).
A steady increase of the mean value of putrescine, cadaverine and histamine were detected during 48 h. Highly significant differences between the four types of fish were noticed regardless of the three treatments and the same trend applies to treatments regardless of the fish types. The obtained results also showed a significant difference between the mean concentration of histamine and putrescine during 0, 24 and 48 h, while in case of cadaverine and tyramine, the significant difference was noticed only between treatments 0 and 48 h.
Despite the earlier recorded values, histamine does not exceed the safe limits (50 ppm). While histamine represents the major and the main cause of scombroid (histamine) poisoning, the other biogenic amine, such as tyramine, cadaverine, putrescine, and tryptamine, acts as potentiates of histamine toxicity (Taylor, 1988; Al Bulushi et al., 2009; Joshi and Bhoir, 2011) . In the meantime, the control of temperature lead to inhibition the growth of mesophilic microorganism during the storage of fish, the occurrence of psychotropic bacteria even in adequate chilling condition can result in biogenic amines formation (Latshmanan et al., 2002; Rezaei et al., 2007) . Figures 5 and 6 illustrated the effect of the local commercial frying process on the level of the tested biogenic amines (putrescine, cadaverine, histamine and tyramine) in two different types of fish (Mullet /Araby and Grease grouper/Hamoor). Apparent increase in the level of all tested amines was observed as a result of the frying treatment however, the statistical analysis showed that increase is significant only in histamine in both two tested fish. Since histamine is heat resistant, it can remain integral in canned or other processed fish products (Lopez-Sabater, et al., 1994 , Hungerford, 2010 . It is also known that once histamine is formed, it cannot be eliminated by heat treatments therefore, recontamination of the fish with the enzyme-forming bacteria is required for extra histamine to form (FDA, 2001 ). The increase of histamine level together with other biogenic amines in the current study may be due to: a) the handling period and preparation step before frying process under relatively high temperature, meaning that this step may be considered as critical control point (CCP) that must be monitored concerning time and temperature. In this regard, Kose (2010) reported that histamine development more likely occurs in raw, unfrozen fish therefore it is important to control histamine formation before processing in particular at raw material stage. b) The effect of frying process on histamine content where, Veciana-Nogues et al. (1989 , 1997 and Ganowiak et al., (1991) found that thermal process increased the amount of histamine as result of protein breakdown. In the same direction Pan, (1985) reported that the optimal temperature for histidine decarboxylase are 55°C, therefore, it may be probable that during the come-up time in thermal processing, there was added degradation by endogenous and microbial enzymes to produce histamine.
Effect of commercial frying process on biogenic amine level
Data in
Data in Figures 5 and 6 also showed that the maximum detected level of histamine not exceed the safe limits where histamine levels in illness-causing fish have been above 200 ppm. There are indications that decomposition can result in the production of other toxic amines, like putrescine and cadaverine that have likely to cause illness, even in the absence of histamine formation (FDA, 2001) .
In general there are some types of food hazards like histamine that are not easy to control at incoming material stage or during Good Hygienic Practices (GHP) and Good Manufacturing Practices (GMP) applications. Therefore, certain preventive measures and monitoring procedures must be done starting from raw material stage until final consumer. Of these preventive measures, time/temperature control that mainly used for critical limit for monitoring histamine formation at raw fish stage. Since histamine development more likely occurs in raw and, unfrozen fish. Therefore, it is important to control histamine formation before processing by rapid chilling after fish catching and the time requisite to lower the internal temperature of fish after capture will be dependent upon a number of factors such harvest method, the size of the fish and the chilling method (FDA, 2001 ).
Conclusion
1. The scientific giving out of the biogenic amine determination in fish and the hazards associated with their ingestion, may lead to increase the attentiveness of the operators involved, increase the consumer awareness and a production of higher quality and safety. 2. The processors must apply several critical limits to monitor histamine formation in fresh fish including checking the temperature of fish and water at arrival, checking sensory quality of fish (for example, odor, texture, eye liquid, gills color, etc), testing histamine levels at the arrival for suspected lot and set up critical histamine levels according to the type of processing method to be applied (Kose et al., 2007) . 3. The increase of histamine level after frying process may be due to the handling period and preparation step before frying process under relatively high temperature, meaning that this step may be considered as critical control point (CCP) that must be monitored concerning time and temperature.
